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Experimental resulta are presented on the segnituds and dis- 
tribution of the pressure-time blast leading resulting free internsi 
blasts on the walis of partially vented enclosures. Reperiaente 
were conducted using 1/6 ecale eteel modele of typical storage 
cubicles subjected to the internal detenation ef epherical bare 
pentolite charges. The principal variables wore: the charge size, 
its location within the enclesed egace, end the skepea of the 
enclosed spece. 
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FOREWORD 


Thie work was conducted under BUNEPS Tack Ko. EYSE-3-8-000/ 
226+ 1/FG88- 10-004 to staty the blast leading eon dividing walls, 
resulting from internal oxplesions, with a view to providing the 
bleet leading inforzation required for epecifying design criteria 
for explosive storage end wanufacturing fecilities. 


This ceport is based on a series of teste conducted by 
B.D. Alemen, W. Graham end C. F. Johasen of the Warkesd end Termine! 
Ballistics Laboratory. 


&ekeoviedgement ie givin to EK. Abt end G. WY. Geamill of the 
Coaputetion end Analysie Laboratory for their evsgeetions in teat 


: Slenning, and the statistical interpretation of ihe tact dete. 
Thie cezert hee been reviewsd by che following perecanel of 
° the Werkead end Terminal Eeilisties Laboratory: 
J. C. TALLEY, Besd, Research Bivision 
8. 8, s : 


fe/ GALFR A. REBXAEH 
Acting 
fechnieal Director 


fais te a report of an aierincatal investigetion to determines 
the angnituds and dietribution of leads resulting from interzel 
blast om the walle of a partiully vented easiesure. the effects 
o€ air Blast in free air and iin completely anclessd egeces have 
been studied both experimentally end analytically (ese refersaces (2) 
and (2)). The application of these data co blast in sirtially vested 
enclosures, however, is subject to come uncertainty, particularly 
when undetonated volumes of charge are an appreciable fraction of 
the enclosure volume. ‘The tents deecribad herein were conducted to 
furnish directly applicable cata and to provides a better underecané- 
ing of phencwsna involved. 


fhe teste were designed to furnish data for uss in ths axpic- 
sive storage dividing wall prebles. Various itess sentaiding high 
explosive charges are commonly stored in egeces hich are scssrated 
from adjacent storage spaces by dividing walle. ths primey purpose 
of the dividing wall is to preveat chata ésteaetion ia case of the 
detonation of any stored item. Por sconcmy of roguived etorage 
facility and land it is desirable to eer the empiecive storase ligit 
as high as possible ceasiatent with tke fag emi e@ ckatn Gotesee 
tions. Yull scale teste have vavesled the igeotesctuess of guavi- 
cusly made estimates of axglosive storage iieits. fmwoe there cee 
at least tes problees iswelved: ame io te sradist what che eupise 
sive liett for a given design will be; the other ie te design tee 
iseger explesive lieite, either by andification of sterage épeses 
im being, of by naw construction. 


Storage facilities are commealy cenpseucee’d tm che forme Of a 

_ row of rectangular cubicles of reinfurced cogeceta with neete ans 
ome wall of relatively light construction destensd te blew aeay 

quickly in case of explesion. fhe proger dusiga of these cubicles 
bas been hampered by the pauntty of dats on the eanunt aad diserd~ 
bution of blast fegulse, in cass of cupionion, eo the walic division 
ons cubicle from adjacent cubicles. This iegulee ed, of eeu 
be affected by a nusber of variables of ditt: 
teste described herein wera ataplitied to ihe 
ables considered to be cf mujer iegertas 


fhe princiegal variables ef thie ve pe bape the ¢ GUST 
lecetion within che exclosed exces, von BES <4 is 
opece. fhe teste were coiducked usieg 1 2 @ ead. ceeds af & se 
storage cubicle, both wumditted and with ia lag trope yet 
eodification being a thees-oighth eedzeziog ts beipet of aft ane 


the ether ¢ deubling ef the witth of the cuticle vith ao change ce 

eewer Gigensiens. Ske cebicicg vere x4 e@ly in theie dtuenaiess; : 
we exCenge a8 tiede to sigmists wall aasses, etewngthe or reegones 
chavasierietias. The velis wore anée of steel od ware relatively 

ante massive than thetic censrete osumterparte. Thuy were essentially 

fees ce weve, bofag veld ia eaattiea ports by their em ftzortia ex4 

the detection between thelr batten Gages and the ates piace upon 

tate they couted. The design was sash the the galls” (effectively) 

pried peti phagieyes: Beto’ levels bz i below 


aes : ay dsliewess to the valis were 
euseceed tock by the wetion agi ee Stpei?, ead by cha use of 
Vying ving gages. the flytag plug gages Wore sluminen « :Linéere 
R SF ee eet ie on anituerd tis 
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Bleetric Blesting Cap. Pour sinve of 1/é-eeale chara were vied. 
They were chooen to eapresent full eeale weights ranging fooa 360 
to 2098 gounds in a typical eiga of storage cudicle in currezt use, 
Thus theie dieseters ware acaiee in the ratio 2/6, ead eheie 
weights in the ratie (1/6}°. The iaterasdiate wsights were chosen 
eo 48 to provide a gousetrical progression esastest of 1.86. 
Reduced and full ecale vaights ere compares in the fellewiag tabio: 


Full Sise 38% lbs. 38 lke. 1660 lds. 2225 lbs. 
Gmail Geale 1.39 ids. 2.62 its. &.91 ide. 9,26 lie. 


&11 enclosures were constructed using G-iach thick steel plates 
with square edges. Three, or lesz, of these pistes were steod Ga 
edge in a Ueshased plan, as viewsd res oe: eG a heavy stesk 
plate lying on the ground. SETAMSsee 
ehouwn im Pigure 1. The taterior dimensions ef the éealed exclooure 
éssigueced Type C ara vae-olath those of a fulf-sise atomee exubicis 
having thie sase designation. The dimensions of the esaled encls~ 
sure designated half "C" were those of ths esms eubicle with badaat 
of walle seduced ia the ratio 8/8. Te diasasions ef the double een 
race br g were those of che Tygo "5" oxeapt that che width ces 


Bronson 2 ime RPA edi Fes, ROMO 
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The plag gages used for iapalse eeasursents were cylinders 
2 inch im dlemeter by one tach Leng, aachined fros 3081 round alu- 
tices par oteck. They were apr tm ée2iied holes im the wall 
plates a9 chowa in Figure 1, To caduce binding er Seietion, a 
hole 1-8/2 inchos in diameter ess drilled 1-374 inst ee dese the 
euteide of each 2 fnekh chick etvel plate. mrtg) ed Bet 
aertest aad of ‘the ples. 


1/4 tach ia théekasas to euppote thd innerax 
The place were carefeliy fitcad Ser gach cest to provide frecden 
o€ eotion with a ainiaum clearence. & Light coatiis of Prippere 
grease wa used for lubricatica. 


Ea ecch test a single chnege waa @ 


@o thas 423 osecer 
a3 im i.e efth ecome isterscetisn ef a 


te nay Rod prepreg 


positions. a5 way 82 esen ta Pigure i, there were afte Gish 


CE ee ee ee ee ee ee ee eee 


pessibic chargs positions in the two lerger cubicles and siz such 
possible positions in the emailest. The charges were susgended 
in the selected gosition from a light metal rod lying cerese the 
top of the cubicle. Tho thoes smaller sizes of charge were sus- 
pended in a lig=t nyloa eech hair net. The 9.3 pound spheres were 
supported by 2 inch wide strips eZ nylon eash. Positicas of the 
charges were saintained to withia ¢1/4 inch of the selected point. 


Shree i4am Feetex cameras were used to record motion of both 
the flying plug gages and the wall itself. The arrangsxent of cubt- 
cles, cameras end background grids aay be seen in Pigure 14. To 
avoid the cbscuring effect of explosive products, it was necessary 
CO gesizion che grids several feet away fre the cubicles in the 
direction ef plug flight. The entire flight of the plugs could 
get be followed, chevefere, ead thus it was sacessary to positively 
identify each plug with its original position in the wall by a 
separate means. The use of color film, color coding of plugs and 
careful focusing of cameras op the expected path of the plugs nsds 
positive identification possible, even with che largest nusber of 
piuge used. The reference grils hed a white background wil. 

1/8 inch wide lines, tw inches epart. Trenelational velocity of 
the center of aase of cach plug end the walls wes computed from 
Gipplasenant ws Cine es: ts on the file end converted to 
tmpulze. 


The cospeutation of iapulse received by individual pluge and 
by each wall was based on the following: 
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Since the plug hae a finite area 4 over which a force or pressure 
P is applied then by éefieition the imeulse is: 


t 
Is P dt 
G 
but P @ B/A = ot/A 
@ 
then E = m/é I gigi? 


The time duration ¢, is the period during which the sheck greseute 
P is epplied to the cubicle wall. Tite analysis requisas the 
acaumption that x =o during the peried o to ¢, ; cor~‘derations 
discussed balow indicate that thie sesumption ie rom. dis. 


4 analysis of saximun exvtera in ispulee resulting fon air 
érag and meagusenent error eay be found im Appendix B. 


Beanles and Bisceseics 


Values of the ispulee receivad at selecteé patute of the wei 
for the various teat ceudéticas are chown in Figures 2 throws 25. 
Exasiination of thege data reveale that in general ehere is satia- 
factory reproducibility and scif-consiatency of resuite. Ya cases 
wnere a charge is tocated symectricaliy with reepect to tem walis 
the sane fapulea would be expected at equivaient points. The 
epread is: these values is indicated on « sumber of the graphs. & 
similar spread of values fe indicated in several fsatences whore 
tests ware repeated. Self-conaistency fc dedicated by che siatlaricy 
of patterns of Gletribstien ef tmpulce as charge weight is vartad, 
holding other parameters censtant. 


Se an additional check upon the orrere in ths ducé, valess of 
tetal issulee for individual plates were Estemmiasd by exo in ate 
ent means. The total eomentum (end hence epriisé iseules) of tha 
plato, aince ite maes wes kacem, could be ésteseinsd quite onzally 
from velocity of its center of mass. The totel atmestum wf che plate 
was catinetad from plug gage date by fittieg of che éate to ee0pe..6 
eusfaces through aultigle cegresston analysis. The resgenss curfaces 
were thea integrated to cbtain total feeules. Geue wseortainty A) 


3 


involved in the process eince the distribution of impulse outside 

the measured points is not know, and may change drastically, es 3 
for iestance by corner reflection. The numbers used for compari- 

eon wore obtained by assuming the average of the fapulse within ie 
the area bounded by known values, could ba the average for the po: 
entfre plete. The comparigzons ceuld be nade for a rather large La 
number of the total values, and are shown in Appendix A. = 


Ze will be noted chat the tctal fmpulses calculated from the 
deta points are generally somewhat enaller than those acesured 
freon the motion of the entire plate. In a few cases, however, 
thin fe reversed end a few agree quite well. It would be poasi- 
ble, though it was not done because off lack of time, to make addi- 
tional checks using the rotational velocity of the plate. A pro- 
cedure has been worked out to do this. This would give some 
inforastion eg to the distribution of fepulse which could be used 
for better fitting of data points to response surfaces. 


ConcLUSsIONs an Par 
Tha use of modeling for measurement of the magnitudes and 2 eat 


dizeribution of tapulee in partially vented enclosures is a prac- 
tieal procedure. Varietion of parameters other chan the ones used 
in thie study could easily be done. ‘Yor instence, frangible tops 
or fronts could be included or a varicty of shapes could be 
empicyed. In e nuaber of cases a sufiiciently good seasure of 
magnitude and distribution of ispulse might be obtainable froa 
mation of the entire plate mass fur censiderably lees effort in 
data reduction than with the plug gages. Further siaplification 
of che plug gage procedure gight eaiso be possible, such as by use 
O£ electronic velv«‘ty measurement inetead of the use of camera. 


1. Johnsea, ©. 2., Patterson, J. D., LZ, end Olson, W. C., "A 
Stmpie Mechanical Hethed for Beaturing the Reflected Impulse 
of Air Blast Waves", SEL Mesorandus Report Mo. 108/, Aberdeen 
Froving Ground, Karyland, July 1957 

2. Sewsy, J. H., Johnson, 0. T., Patterson, J. Do II, “Mechanical 
Inpuice Eeasuremente Clase to Explosive Charges”, BRL Regort 
8s. 1162, Aberdeen Proving Ground, Maryland, Hovember 1962. 
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SGslesiated plats tupuises ese evaluated by fitting the pleg ispuice vaines to 
& “tase” sureen feneticn anf tategrating over the plate eres. 
Soseuvea plata impulses aze evsluated by chserving plete velocity end ansa 


acd tayerting thoce values in cho equation I + S¥ an usa done to éoceraise 
Gay fapnise. 
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Sines the valseity of eke plug fe esacused es en everage velecity 
ever a region 4 to 7? fect through air from the starting gotat it ts 
{eportant te hava en estimete of the gatio of the seauurad wolecity 
to the true velocity. Bor air drag of a right cylindse: 


Sei ov 
where 
vy @® valocity 
xz = disteuce 
CG, 2 drag coatficient 
& = geesented asta? 
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eargece. 
For a cylinder 1 iueh dteaater aud 2 inck teag A o 3/80 int. 


whens 


Cc 


y & -& (or wibaedston enter 1629 te/eec) 


Gy @ omic" 


2 @ 183 os (ofe fase) 


Bu 1" o 

lave -26°° aoe 
y o gerd, 

az no G, ¢ @ Yo 2 & go v © Vo oo 10° 
vw » @.93 Ye 


cise emote of glug estien with regard co time, 
©, is L/eth efitteccesd aad with regard co distance, Bis 2 


Sashes end s is 36 feekes. Applying che cule fer cetal ¢4ffereatie- 
tien of & fuaction of 2 variables gor 


Giver: 


BS 42 © 1f16 @ 61/88 


error < (8.63 + G 1/48} @ < 122 


ENA YF BP ean eka og Fae Moneraee ach 


bee Ln 


Cabins 


DAD TET IE LCE 


PES ea Ae Rag Ire ES rele ARR ay ae EO is eerie tn Ate SOR aN 56S St ge — ease VE ak er er ein, 


% 


FIGERE § (A) 


TPE OC 


ae 


i. 


as 
*~ 
% Sy 


a 


THE € 


§ 8) 


pte oe 
HERS 
WWE at 


OE ae 


LS 


FIG 


TE gC 


Tien © 


Sis 


a, 


iY 
i 


cate 
san 
Go 


3366 


~— 


é 
i uae 
he ss FN > ihe pi NR nse Rg MAE REAL BSH, 
ys e F r F 


ince Bees te ome! Shee 
§ 


ae En aN cam eM 


as 


1 PRs ch 


Rae wing ta 


voor 
ae ail 


ecttir iss Stags 


\ eae wy cha MONT AAT OEE, 


¥ 


eatreees 


NER, RO Pg 


Tey oe ES ragee to 


se TaN Sea 


stent egy SE Wee «: eine RE atin be ae 2 Aah 
; ; “ees alee ee ess ¥ gage | a Preaiete tat iad ld asi ; 
g a x = x 2 ; 


SRE sie cnteeeetiareenntan i eante tener tice eed 


4 


wamsreyonbeegemties oS 
tie eaeygye 


EN EEE AD eA AMP TIOON Te ART Sle 


* 
BR 


coc 


Biter was neice 


J & f ea 
OES ESS Kine. CR 


4 


ee eats termed seid ee. 


a 


Wee SF 


aa et 


FSB 


| eontral ty 
ofenes at the teteracet ic: 


5 


gmtates on the 3 walie fren 


TIPE MALF vc: CUBICLE 
ae 
{ 
| 
: () ee eee 
4 > 


we, 
eet 


e228 


at 
See, 


(HPULSE €PSt-M, SEC) 


2259 | 129 


Fiesve & 


bag’ te #RDILL EF 


Seay t te te & 


Eegulea walnws of Ginerete polste 63 the 3 walls fica — 


faltiozed 
eg the esrent et the 


2S pl 


mda 


eeptoting peatelite epleres gicsed st See sha = eee 


SE easels Ramaetetage 


weeapooos : a 
- . Ree 
ae at 


=, 
Ra je 


‘* 


eet 


2K Sy 


ry ee ah 


“ 
Ppa test 


atari & 
SE F the 


Bef fame 1 omg 


Pwiwe 2248 
TH 


x eke 
ee oe Tr te & 


| en 


5, ET SINE Hae tier 
i 


Don sowed OP Ce 


A 


RSLS SPRASIE 


aeiark wang. 


a 


agbwilag pv 


. ef den acermede of + 


cabees at Macveta goigks es 
adiiatad 


| 


y 1 
Hectic Babu ctsentoenalaon : 


Sea 


2 2 & 


aaa 


tapuime 


‘ #, 
ceresbeiaene ty yticat ives 


‘ < mene 8 aden «ie 
; y 3 


- 4 é 


> wh 


ean G yp 
Ee 


fo des BG 
ake hs cates. fs 
sancti 22 OS % PR names dots ig ‘ 
we 
4. » 2 % Ay 
PERE AY Be see Fe AS EON Mate a 
a %, ie a & 7 
BAY oy . 
SO pe SME ohn. sete 


Jaton incr etic wes ea cr 


sho x = 
ny & Sek, cont Py 
wep hoes eats Beta Sa eee 


ae 


Bee He 


Raa eee ar ap @age * , es A ele woe t 
Sir aes ts eas ; 0 A . : OR RS 


ae 1 "ise ~ <8, we . er ee 


Foe 


Res. Fs 
erin in arch entities 
Rare Boiag 


ep arsabe 


: 
$ 
h I 
4 
Ae 


"$a tx 
Reacts 


a 


d af » % 7 a R . A 
Bbc ges Ur DARREN EAT Shr a 
‘: 
: ¥ 


a 


an. 


ca 
3 


. 
& 


Peg eey 


Steve, 
cat 
& 


gay 


nt, 


ae 


¥ 


= 
q 
3 


at 


any 
ate 
wes 


RU a RTT SE 
i) dhe 
i 


rics) 


Ey 
Jt 


Sa 
ASSES A & & 
3 4 
nes 


iss 5 ae 


hat 

2 

e 

a 
Passes) 


e 
a 


Yow 
oo 


Oo eerie 


Bs 


id 
nt 


& 
se! 8S 


we Sa 2 2 


agus 
Sales. 


Hl fh 
é "3 
i. Hi fant ay 
a; weed 
Ph ee % 
. > ay A 

~~ 


oe 
e 
% 
¥ 
5 
ig 
t 
a 
* 


Ea Ay a 
Pal ie 
ee ie 
e oy 

f 


SESE Ry ANE RAMP ce), 
- 


“ 


se 


Be GS 


Be 
paRked $8 


aoe: 


“ a — ms Se BO fe 


LOSS GAOT Tt LEGS ‘CaM 
" EEE ake SOE Bes rl 
if 


oy 
c 1 OTLEY a 
wt : a a 
Pal 


a 


ange 


2 Cae ire 
PAR 


i? 


Bk a 
OE I. 
3 
£ 
its 
“S 
Ge 

aan 
tai 
% 


ig te i ee Eis eng EASA 
4 tye 


g q _ eK sss Pci 
Brame ciate gs ’ corner cane Ga t omy ee | 
fs at SFE em apie ER CONRAN SNE pan 2 ssomenameonncare Sorc moss sR U AST Hira patie scorns anes 
ieee hae 


‘eet 
MAL 


obs 


™, 


igke S$ 


Bald N ite 


“S 
a 
re 
EO EY 


at 
EBS ROMER ARE 


cael H 
C443 SS 7 
By Sepa Pore g Sat FRR tT ORANG te Aa sacra FM I iia Site seven I8a8 NP CERmereINE y ae REE RS einen SRM STORE ARE NON EE zener FA ope meannoenisorone ee} 
ae, ~ 3 q 
a 


® 


oe é 

: at ‘ eet q i $ ne 

" we ad “is ae wm “4; * oe 4 TRANCE RE NY Sree fe EK Se 3 Se ne TES AS i SSO ee ern (sue aeados ame | SOT e: Ged wt 
“ bag ‘ tn wrt ee saat iter: fee ed oy fe 3h yy rs ITE AS AN oe 

eI < SPY sea Ry Hest mee Hy q 3 y 

A oat . 4 A a 

* “a. * my, why 


Aa 
2 Sey 


Ls -_ a § 2 ae oe te" a est Rog Pan eee 
fed , eaobies. Be Rome Fin: Be Pageants th usientbondin dee: ‘Ane lens totamdescnd? mclireiuntve! brea hester bs. Fordl  dodvctinationt va fiends m 
. 


see Fee 
a 
‘f 
. &.. 


ware PPP_~Dal 
- Baw 


- 
a 2 
en’ 2 . 
a ’ po = he iy x etegiinl Pare sy a 
PROPANE Ba on TSR ET Be Ss DB PENS TEETER ES | SENET 
i tt eis ee ee rea 2 pein ayy 
* ” s a - , 
. ge We od %," . * % 
hak See” ee +b wage A sa Of tet Boge 
re) + eocr rs % : balan nat : ~ oe ee FR lt * 
Ay al st Soa “ ps ‘ a ey « ee : 4 - 3B 
i es Sees ra er OL ear Sea, ty. 2 Se 
“ ‘ ’ 7 se ew i weet Hd Sara Peart Bees 
x . ae * to# i ¥ ee ee be af? 8 


4 


it 


‘. 
¢ 
s 


igre AN eee ee 


3 


t 
a a ae 


: Py 
: of Obie, > : ; ; 4 
2 seco Me Bova aad 


K 
an 


PN Te a 


: Sigg 3 
‘Eee ele oe Bunewis oe a She 2 ele foes casesably 
See an dewieg gw Aetiate ros pRetad £6 tha inte Tenet lee 


. 


SRERU RRR RATS CORR Seg RE Ti a IS ee Te LEER EE cheap sian ase et Ra GEN EERE rasa takes Ra dipelel a aie aged 
ee : 


| 


TPE "C" CUBICLE 
e- aa &F” oe al 


toe of 


(OPIS SE (PSiem, SECR 


ie 
xe ws 


Hegeshes eileen af ddoerets Sas on the 3 unde gel ocka, paid 
tei? fens! fy gumailes egherss pleted at tha igtesracicn 
og tea esexeta of Gs Ganded plage. 


peta eh) 
A 

i 

3 


Sf HEE. 


as a aa a a ane paaae a aes. eae ie es eae aa Ee 4 
cog Some, a ee nee 
‘ FI f , ‘ q 3 ' 
dda” ee } Z ‘és ‘ iy Sees + Bhan - ana 
4s A : ! 6 


oma | 
¥ 


Rpeenenntenr ner 


aly Sha the 
lle mnt ln Te eons 


ah the LnBernd. 


a 


& ae 


lascd 


A. ES Ya 


Ma a. ee 
Ae 


Se ggkeraa 9 


Ri 


<p ie en ~ 


ey 


‘ne patio 


Bt te eee ee ms 


3 


the 3 esiis fsom conten’ly 


e 


.* vy 


Figure 
sggate points om 


a 


B. 


 egheres oisesd at the iutersactias 


se hae 


the shaded 


eas 


fecing pid 


ef eho someads ef 


eas 


tx 


wie? 


es 


impulee ealuee of di 


initiated exp 


si, 


Rene wn 


(39S “HegSd) 3 


& 


ae * 


8 6 
FO NE Nee a, NOT SE AES tiie SF LOE REES SAMMI TEES eT tes SO den Sila | ORE? GEER 


JaRs. 


EBL ANS ETERS ILIET IOP ERD Bhi NPR RN et NE SS ALINE ES OTE RAA NASER RI NIE ELEN AT HN COON ROTC we 


* 


Na FN hee WR ERTS he VER Hes 
Pos.» 


TYPE "20" CUBICLE 
ip A eae eae 2 


Dp 


FF M4 
GSIPLATE C 7/A wa pratt are 


3 
2 
O 


am 
wd 
‘ad 
” 
o 
= 
8 
wn 
a. 
= 
ad 
” 
ai 
= 
é. 
= 


‘ Figure i? 
Ispuise values ag discrete gcints on the 3 valia from centrally 
initiated exploding pentulits agherts placed at che interesetion - 
of the sormsle of the eheéed pluge. 


Sees 
See eres Se a 


eet rien 
et 


BUN 


26°3 


sles soe 


=f 
Se 


=F aS z 


* g*-a 8 


a 


al 


‘ Ee 
be 
mee “43 
> beget 
a 
Tae 


Ry 
wh 


us 
N 
aa 


¥Ss "Se" CUBICLE 
ican 4 


: ei 


SAaB 


ROEM IN 


f 
7 
é 
fy 
‘ 
s 
j 
te 


¥ 


ESE 
iPS 9-1. SEC) 


ae 


Aha 


oF 


AER SRE Soe Se YP Soy 


ae 


AR mR TAR RET ELE TR ENT AN ARE ee RIES CVE Pete PEEP vd NT rae TIES Bet Os avi ge sees SSE Sa SET SD 
= = = Es -_ = Paes —— . 


= SS : és Si a = 
aot7 es 38 a ged 
a . a s ae ¥ 
= = -s = Brees a3 


tk: 


ig flatten ein et et Gee Mqe br wes an 
i 
(8k RG" CHBLELE 


f 
oe cause Bg emmarecniion wwe 24 
é Lf 1 


gn 


” 


#3 
er Fie 
oe gv 
Sa BR 
ta ee 


3 i @ 
spits niu GE reansseense Lswarnandalte 


cB nest eset POLE AUIS OE AOE ee aeiBe ~<A 


nists 


Bs : barry gt tliat 
an TE yi Sesser aas poe A 
SINE Ae cages AU ANSE CS te Leena 
ieee Fee ee a ? z : ere ey 
See = ‘ arin N a Z vote a 
Se ee Se ee : 
ae: : “ ge . Ste 


zs 
EX 


ee 


penn RE ge ore 
a 

ato 

a 
no TES 


4 
i ARG 

% Ihe 
DRL Se! 
patie Bnd rae eee tk 
n PP Br SON re AS 
: ie Bias: 


%, 
a F 


» 
~ 


* 


ou oS « 
7 isa 
. aN 


E 


vd Wiese eeccreaanacaat Oras 


eB 


Se PONE leon 
i st 
bt at 
eo Fy 4 a 
3 x 4, 
; a q wt ig 4 Kd 
x € 5 * re] a 
iy an ae 
y fs % ae 
: § ‘ 

3 g 


Be 


SECS SIR 


aa ake PRA 


34 
a 


+ 


at 


a NEO CE ETAL EST ONE LITE SIE LEE LIT SERIAL CP ELE EET ELSINORE Are ad 
i 


a 
By 


of oars ape! 


aoe 
rk 
‘S, 


a 2 


x x ¥ Py 
i ane he, a: ep ae? 


Ae 
je 


ant 3 


: 
Es 


Me ag ™ 


“yay 
=a 


ES 
a 


Be 

- 

me 

: 

% 

Be 

no INSEE oP: 


+ 
e 
we 
of 
> 
Pic ath 


a ME 
- 


A 


RE 


oe 


Fl 


; 
CREE om micmvnes 


ss 
& 
7 
fia 
AN 
ee a 


ra 


Xe. ERE 


ah: 


e, 


’ 


£. 
# 


c* RE eR eS ae 
Hist Joi echonrge eTRGRG N80: soa anbigae.0" 2a pata 


Fat, 
E, 
wt at, 


22 
7] 
= 


# 


ef BS 


q 


. sasha if Sree aa REG 


b 


s ies 3.55 
ouanset ~sto 
e 


$ 4 


a ees 
Fiore, * Eas 
Rl ae ee ks 


Se Pa 
. : "a ; SRT AEN 
SEE peng ‘Site Bie AAS the a RPT NR 
3 
3 


i, , ee DESK TE ARR re nell ; 
deena oe Se pee “sag ahh Bs g 
4 


# ‘ 
brent, Srcae felis. Sona Aisa, “oth 


~ a 
Pg rs n *h 
" sites 
3) ra 
4 ae 
Fae 
# Oe 
a: 
° ~ 
‘ 


epoeres placed ek the imtersatick 


ef sha wommais of the ehaded pings. 


e Balues ac digurete points en the }imile fem cout ally 


smisiated enpiodies pmmtelite 


3 


66) IS WMdui 


ear ee te EAT SED TONER TENLEIERE She ENB AR, os PELE A ROC a NSP TIE SN thd SSS IL CREE f, EERE DEE ote 


> 
tents Po da 


Bo ee ow lee meee EL ON es, Be SRE POR MCI AEESTER Ha Teco 
Ma wR. Bes = ; 2 SRuoP 2 eR oR hk. 8 

~ wi “4 : = rs ¥ of aoe * 5 ie 

Rik Gs he c pie Se ge pias a 

vy ey : & * 

Eg ARR a ats 


be 
Ciel a PY z 


we fea 
¢ Sita: ane 
go tvnad 


#. 
Ash: 


ER gh 
me gem Ss 


JR Din, 

a 

i 

Po ape 
es 

AR ar, 

¥. 

oy. 
; 

> 


a) 


Few cr ai@ine 


By ah, 


ae reset 


Emoulee vetues at diecrete points om the 3 eakic een 
initisted eupleding gemte.ize apeeres plased et the t 


of the soresis ox the eboded pluge. 


Sq * 
Rion 


BESIEse 


8 2 


eae 


SMSGT PEA ee TT phe 8” 
AB ~ Bd oe 


CREA SLi BED Se ge AS BB ati FT EY PSR RA IE OY 
CPSC Ae EPs . #Y ee 
Set) = ae we #7 RS ae So 


+ 


CUSTELE 


2. wt ey ; 
PP Lae Bas Ai Lyte hy or 
Eu, 
<, 
“eh 


= 


SLIME & J gt xe, Ed sy fe age 
I ITO By er Poge® a PE a % 
SAE Mam wR ae a 

pay cael , 

, k 


“~e 
sone” 
we 
as 
3 
GON Mc klRIOUS 22, 


Se 
ae 
KB 
as 
oe 
” 
Le MeM sR LS a Pe 
nS CONES Eee OIG, 


& 
ees 


eo 8 
c 
~ ma 


4 $n A 
2 
arco 
Ey 
¥ 
4 
TN 
Wore ageing 
e 
aees, 2 
= 


: 
sai, ~~ 
= X : 
. as a ae 
, 
oe ‘ 2 
x v 


— Seams mena LEE mt: ; 


} i 
i : 
‘ i ae: 
t H 2 
t 
3 ~t - A i . 


ae, PertReemead 


, 
t 

:f 4 Hy 
be. 1% 
Li REY 

os ts Per, Ti 
eG 


REA wc aaa Rores 


2 


re 


Pigars 23 
ingalee wilues et dleesete geiste an the 3 walle Seam cent. u! 
fnitiated eqplediug guyzelion splarna pleased ef che iatersuct 
og the aveneis of the shaded plage. 


s 


i 
hare 


SETTER i Maller Set ray Le 
MES TE 


